retained its antiviral and anticellular properties as well as its ability to induce the 2-5A synthetase in human cells with a specific activity similar to that of the crude IFN. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of radioactively labeled IFN showed that it consisted of several proteins in the molecular weight range of 17,000 to 27,000. 1251-labeled IFN-a with a high specific activity (2,000 Ci/ mmol) was used in a radioimmunoassay for the titration of IFN-a.
Interferons (IFNs) form a family of proteins with several properties such as protection of cells against a wide range of viruses, inhibition of cell growth, modulation of the immune response (24) , and enhancement of the synthesis of several cellular proteins with enzymatic activities such as a protein kinase and (2',5')oligoadenylate (2-5A) synthetase activities (14) . IFNs form a heterogeneous family and are classified in three main groups; IFN-a, IFN-P, and IFN--y, depending on the type of the inducer and of the producing cell (26) . IFN-a and -P are induced by viral agents in leukocytes and lymphoma cells for the former, and in fibroblasts for the latter. They are antigenically distinct but structurally related with 29%o of homology at the amino acid level (28) . IFN--y is mainly produced by antigenic or mitogenic stimulation of lymphocytes (24) .
A growing amount of information has indicated that IFNs also form a heterogeneous population within each group. For instance, a minimum of eight and five genes was reported to code for human leukocyte and fibroblast IFNs, respectively (18, 22, 27) , and Namalva cells were shown to synthesize five different, though similar, IFN-a types which were different from leukocyte IFNs (1) . Namalva cells were also reported to produce IFN-, (12) . Thus the complexity of an IFN population suggests that the different IFN polypeptides may act with different specificities on different cell targets. New techniques in genetic engineering (8, 19) and the availability of monoclonal antibodies directed against IFN (17, 21, 23 ; A. G. Laurent, J. Gruest, B. Krust, and L. Montagnier, Hybridoma, in press) have provided convenient tools to study homologous IFN.
Here we report the purification of human IFN-a by using a monoclonal antibody isolated in our laboratory (17; Laurent et al., in press ). Purified IFN was tested for some biological (antiviral, anticellular) and biochemical (induction of the 2-5A synthetase activity) properties, and its molecular weight was determined. In addition, the IFN preparation was iodinated for use as a probe in a radioimmunoassay ( (11) . IFN-a titers were expressed in international units as recommended (10) by calibration against an international working reference preparation (GO23-901-527).
Purification on anti-human IFN-a immunoglobulin G-Sepharose. Anti-human IFN-a monoclonal antibody, HBA, was purified by DEAE-cellulose chromatography after ascitic growth of the positive hybridoma in BALB/c mice (17) and was coupled to CnBractivated Sepharose (10 mg/ml) according to a described procedure (2 Centre, Amersham, England). After the incubation period, the supernatant (containing labeled 2-SA) was collected after centrifugation (400 x g; 5 min) and boiled (95°C, 10 min), and 3H-labeled 2-SA was purified by DEAE-cellulose chromatography as described (13) IFN was labeled with "25I by using chloramide 1,3,4,6-tetrachloroglycoluril (Ila; lodo-gen; Pierce Chemical Co.) as a reagent (9) This is in accord with the difference in the amino acid sequence between IFN-a and IFN-1 (28) . A partially purified preparation of human IFN--y had no affinity to the monoclonal antibody (all the activity was found in the eluted fraction).
Mouse IFN did not bind at all to the immunoadsorbent. The monoclonal antibody HBA, coupled to Sepharose, therefore proved to be specific in purifying human IFNs of the a group.
Molecular weight of purified in vivo-labeled IFN. 3H-labeled proteins from supernatants of control and virus-induced human leukocytes were analyzed by sodium dodecyl sulfate (SDS)-gel electrophoresis after purification on HBASepharose. Figure 1 shows that, as expected, the majority of the proteins from the control and induced supernatants were in the eluted fractions. No protein was found in the pH 2.2 eluate of the control supernatant, whereas two major proteins were found in the pH 2.2 eluate of the induced supematants with molecular weights of 17,000 to 19,000 and 19,000 to 21,000. These molecular weights correspond well to those reported by others for IFN-a (25, 29) .
Similar experiments were performed with in vivo 3H-labeled proteins from supernatants of control and virus-induced Namalva cells. The results showed that monoclonal antibody HBA directed against leukocyte IFN could select IFN species (with regard to their molecular weight) in a Namalva IFN preparation similar to those from a leukocyte IFN preparation (data not shown).
Biological and biochemical properties of purified IFN-a. Human leukocyte IFN was purified on HBA-Sepharose and analyzed for three different properties attributed to IFN, i.e., antiviral and anticellular effects and the ability to induce 2-5A synthetase activity in several cell strains. Table 1 shows that all three properties remained associated to the purified IFN molecules. To investigate whether the elution procedure (pH 2.2) modifies the activity of IFN, we compared the capacity of crude and purified IFN to induce 2-SA synthetase activity in two different human cell lines. The assay of 2-5A synthetase was advantageous over the antiviral and anticellular assays because of its precision and high sensitivity. Figure 2 shows that both crude and purified IFN behaved in the same way for the induction of the 2-5A synthetase. Thus Figure 3 shows the purification of the labeled material from unbound 125I and its analysis by SDS-gel electrophoresis. The (4) . The other iodinated populations were resolved in three main areas: 27,000, 19,000 to 21,000, and 17,000 to 19,000 molecular weight. The different bands were electroeluted from the gel and analyzed along with the total labeled material for their immunoreactivity, i.e., their ability to bind the monoclonal antibody HBA. The total labeled material showed 15% immunoreactivity, whereas the proteins eluted from the SDS-gel were 28% (27,000), 49% (19, 000 to 21,000), and 38% (17,000 to 19,000) immunoreactive. The eluted 69,000-dalton protein (BSA) was not immunore- (16) . An anticellular unit was defined as the concentration of IFN giving rise to a halo of cell inhibition 10 mm in diameter. The fractions from the immunoadsorbent were also assayed for their ability to induce 2-SA synthetase activity in W138/SV40 cells. These cells, grown for 3 days in 24-well plates (Costar, Cambridge, Mass.; 2 x 105 cells per 16-mm dish), were incubated with 1 ml of culture medium containing 1 ,ul of each of the different fractions for 18 h. Cell monolayers were washed with phosphate-buffered saline, and cytoplasmic extracts were prepared by lysis of cells in 1 ml of Nonidet P-40 lysis buffer (10 mM HEPES, pH 7.6; 10 mM KCI; 2 mM magnesium acetate; 7 mM 2-mercaptoethanol; 0.5% Nonidet P-40). The 2-5A synthetase assay was performed as described in the text. Results are given for the total content of each fraction.
b Nanomoles of 2-5A per unit of optical density at 280 nm per hour.
c ND, Not done.
active. These results show that SDS-gel electrophoresis permits purification of IFN from contaminants such as BSA and separation of IFN molecules with different and enhanced immunoreactivity as compared with the immunoreactivity of the total labeled material. The reason for this enhancement is not known. It is possible that SDS-gel electrophoresis separates aggregates formed during the iodination procedure which were less susceptible to immunoglobulin Table  1 and incubated with different dilutions of crude (broken line) or purified (solid line; third wash fraction in Table 1 ) IFN. The 2-5A synthetase assay was performed as described in the text. The levels of 2-5A synthetase in untreated (control) HeLa and WI38/ SV40 cells were 0.214 and 0.0016 nmol of 2-5A per unit of optical density at 280 nm per hour, respectively. G recognition under that form. It should be pointed out that the 19,000 to 21,000-and 17,000 to 19,000-molecular-weight IFN populations iodinated after purification of Namalva IFN on HBA-Sepharose correspond well with regard to their molecular weight to the leukocyte IFN populations purified on HBA-Sepharose after in vivo labeling. This shows that the monoclonal antibody recognizes with good reproducibility the same molecular weight species in two different preparations of IFN-a.
The 19,000-to 21,000-dalton and 17,000-to 19,000-dalton iodinated populations proved to have antiviral activity as detected by the inhibition of the cytopathogenic effect of vesicular stomatitis virus in MRC5 cells. Very little material was recovered for the 27,000-dalton iodinated population after electroelution from the gel, and it could not be examined for its antiviral activity. The true nature of this population thus remains to be determined, although it behaves like IFN in monoclonal antibody recognition.
The specific activity of [125I]IFN was calculated by assuming an average molecular weight of 20,000 for IFN with a specific activity of 109 U/ was registered (Sieve-Electronique, Rambouillet, France). Fractions of 0.5 ml were collected, and their radioactivity was measured in 5-pA aliquots. The percentage of incorporation of 1251 in the proteins of the eluate was 22%. Fractions 9 to 16 were pooled, and a sample was run on a 12.5% acrylamide-SDS gel. For estimation of molecular weight, 14C-labeled proteins were run in parallel: phosphorylase B (92,000), BSA (69,000), ovalbumin (46,000), carbonic anhydrase (30,000), and lysozyme (14, 000 (27) proved to compete well with the probe, an additional prooffor the specificity of the RIA for IFN of a origin (data not shown). were shown to consist of several polypeptides on analysis by electrophoresis on SDS-polyacrylamide gels. This could be due to the selection for a common epitope by the. monoclonal antibody in different IFN molecules, or it may represent different degrees of glycosylation of IFN molecules (5, 7, 22) .
Both leukocyte and Namalva IFN-a can be purified on HBA-Sepharose, which indicates that the monoclonal antibody HBA recognized the same antigenic site in both populations. This is in accord with the fact that leukocyte and Namalva (a) IFNs, though different, present some homology in their sequence (1) . Namalva IFN-a had a lower affinity to the monoclonal antibody HBA than leukocyte IFN. For this reason, purified 125I-labeled Namalva IFN was used as a probe in an RIA for the detection of IFN-a, since such a probe was more efficiently displaced.
RIAs are convenient and reproducible methods for rapid detection of antigens. Furthermore, they provide the characterization of a well-defined antigen in a specific manner. For example, in this study we employed an RIA using monoclonal antibodies for the detection of IFN-a. Routinely, IFN is assayed by its antiviral activity in a biological system which involves inhibition of cytopathogenic effects of vesicular stomatitis virus. The results obtained by such an assay may sometimes be non-reproducible when very low levels of IFN are titrated. This is especially the case for the assay of IFN in the serum and plasma of patients. Low levels of IFN may be confirmed efficiently by the use of an RIA. In addition, by the use of specific monoclonal antibodies, it will be possible to determine the type of IFN in a sample.
